It has been reported that a polysaccharide extracted from Pseudomonas aeruginosa is depolymerized by bovine testicular hyaluronidase (Warren and Gray, 1954) . In the course of studies dealing with the effect of hyaluronidase on the cell structure of the organism, it was noted that buffered suspensions of P. aeruginosa released appreciable amounts of the polysaccharide in the supernatant fluid when the cells were incubated at 37 C for one hour. In addition, the rate of sedimentation of the cells following centrifugation was directly related to the concentration of hyaluronidase added to the bacterial suspension. Although the relationship between the hyaluronidase-sensitive polysaccharide and the cell itself was not clear, preliminary observations suggested that large amounts of the polysaccharide were weakly bound to the surface of the bacterial cell.
It has been reported that a polysaccharide extracted from Pseudomonas aeruginosa is depolymerized by bovine testicular hyaluronidase (Warren and Gray, 1954) . In the course of studies dealing with the effect of hyaluronidase on the cell structure of the organism, it was noted that buffered suspensions of P. aeruginosa released appreciable amounts of the polysaccharide in the supernatant fluid when the cells were incubated at 37 C for one hour. In addition, the rate of sedimentation of the cells following centrifugation was directly related to the concentration of hyaluronidase added to the bacterial suspension. Although the relationship between the hyaluronidase-sensitive polysaccharide and the cell itself was not clear, preliminary observations suggested that large amounts of the polysaccharide were weakly bound to the surface of the bacterial cell.
The present investigations were undertaken to study some of the properties of the hyaluronidase-sensitive polysaccharide of P. aeruginosa.
Observations were made also on the effect of hyaluronidase on the cell structure of the organism.
MATERIALS AND METHODS
Preparacion of cels. A strain of P. aeruginosa maintained on nutrient agar slants was used in all experiments. The organism gave a mucoid growth on nutrient agar containing glycerol or glucose. Cultures for experimental work with hyaluronidase were grown on the surface of agar in Roux bottles. Each bottle contained 200 ml of 0.5 per cent NaCl nutrient agar plus 1.0 per cent glucose; the reaction was adjusted to pH 7.6. Glucose was included in the culture medium because it was previously shown to enhance the production of the polysaccharide. Following sterilization, the bottles were seeded heavily with a 24-hour culture of P. aeruginosa and incubated at 37 C for 24 hours. The cells were harvested carefully with a small volume of 0.1 M acetate buffer, pH 6.0, and the suspension was standardized so that a 1:2 dilution gave a turbidity reading of 350 on the Klett-Summerson photoelectric colorimeter with a no. 66 filter. The cells in 10 ml amounts were distributed in duplicate in a series of tubes and incubated at 37 C for one hour. The techniques of sampling and measurement of polysaccharide concentration have been reported (Warren and Gray, 1954) .
Hyaluronidase. Bovine testicular hyaluronidase of the quality used as a therapeutic and diagnostic agent (Wydase, Wyeth) was used in these experiments. The enzymatic preparation was dissolved in acetate buffer and contained 1,400 turbidity reducing units per mg (TRU/mg) as evaluated by the assay method of Kass and Seastone (1944) . The depolymerization of P. aeruginosa polysaccharide by hyaluronidase was determined by a turbidimetric method of assay (Warren et al., 1948) .
Electron micrographs. Bacterial cells were suspended in 0.1 M acetate buffer, pH 6.0, or 0.1 M phosphate buffer, pH 7.1, and were treated with 0.1 mg of hyaluronidase per ml of suspension for one hour at 37 C. A small drop of the suspension, suitably diluted with buffer, was mounted on a no. 200 mesh collodion-covered screen and allowed to dry. The preparations were then washed with distilled water, shadowed with chromium, and viewed in the RCA EMU-2 type electron microscope. All work was done at an initial magnification of 6,500 X and enlarged photographically to 14,040 X.
RESULTS
The depolymeriation of crude polysaccharide by hyaluronidase. During the early investigations with P. aeruginosa polysaccharide, it became apparent that a component of the crude polysaccharide preparations reacted with acidified horse serum but was not depolymerized by hyaluronidase. In order to eliminate misleading polysaccharide values, the depolymerization of the various polysaccharide samples by hyaluronidase was used as an index of polysac-152 charide concentration in this experiment as well as in other studies. For standardization purposes it was found convenient to dilute the supernates so that a turbidity value of 100 scale divisions on the colorimeter was produced by the interaction of 3.0 ml of sample and 3 ml of acidified horse serum. The percentage turbidity reduction of the standardized polysaccharide by the enzyme was then determined.
It was found that optimum concentrations of polysaccharide were produced by P. aeruginosa growing on solid culture media during a 24-to 48-hour incubation period at 37 C. The effect of various concentrations of hyaluronidase on the polysaccharide concentration of suspensions of 24-hour cultures was studied. The cells with several dilutions of enzyme were incubated in 0.1 M acetate buffer, pH 6.0, at 37 C for one hour. The bacteria were removed by centrifugation and the supernates titrated for residual polysaccharide activity with acidified horse serum.
From the results shown in figure 1, it will be seen that the bacterial polysaccharide was depolymerized by hyaluronidase producing a significant reduction in turbidity of the substrate. Heat-inactivated hyaluronidase (100 0-30 min), which did not reduce the turbidity of purified vitreous humor or streptococcal potassium hyaluronate, was still capable of attacking the polysaccharide substrate to a certain degree. The results with the "inactive" hyaluronidase suggest the presence of a substrate in the supernates which is distinct from the polysaccharide that is being titrated. This substrate apparently reacts with acidified horse serum to produce a turbidity and is attacked by a heat stable constituent of the "hyaluronidase" complex. Similar results have been obtained with other bacterial polysaccharides (Warren, 1951; Warren and Gray, 1954; Warren and Lam, 1954 Partial purification of polysaccharide. The wroth cultures. As broth bacterial cells, grown in the presence of 1.0 3w, the polysaccharide per cent glucose, were standardized by the and could be demon-procedures previously described. The bacterial nt fluid or cell-free suspension was incubated in a water bath at ,rest to extend these 37 C for one hour. The cells were removed tions on growth and by centrifugation, and the supernatant fluid presence of testicular containing the crude polysaccharide was collected, clarified by filtration through hyflo super cel xing 10 ml of glucose (Johns Manville), and stored at 4 C. Depolymerization of partially purified polysaccharide. The depolymerization of partially purified P. auruginosa polysaccharide by bovine testicular hyaluronidase was studied using a turbidimetric assay procedure. A turbidity value of 90 scale divisions on the colorimeter was produced by the interaction of 0.5 mg of polysaccharide and acidified horse serum. A linear correlation was found between enzyme concentration and the depolymerization of the polysaccharide substrate (figure 4). The inability of the heat-inactivated enzyme to attack the purified substrate would appear to indicate that a second substrate was present in crude preparations of the polysaccharide, and this component was apparently eliminated by the purification procedure. figure  7 ). In addition, a large numbei of cells did not retain their "electron-dense" material, and a series of "lumps" appeared in the cytoplasm. Similar structures have been observed in Erwinia amnylotora following treatment of the cells ith streptomycin (Goldberg and Mlorgan, 1954) and in Mycobacterimn tutberculosis (Knaysi, 1951) .
DISCUS-SION AND SUMMARY
The experimental results show that a polysaccharide rieleased from cells of Pseudomonas aeruginosa was readily depolymerized by bovine testicular hyaluronidase. Although the mechanism by which the polysaccharide was released from the cells is not known, the following evidence would appear to suggest that the polysaccharide is weakly attached to the surface of the cell: (1) rapid release of polysaccharide in supernates of organisms grown on solid culture media and suspended in buffer; and (2) an apparent change in viscosity of the suspension following incubation of suspensions with hvaluionidasethe cells, however, remaining intact and viable. The inclusion in crude supernates of a substrate which was attacked by heat-inactivated hyaluronidase was also demonstrated. Since it has been shown that several enzymes are involved in the breakdown of mueopolysaccharides by hyaluronidase preparations of mammalian testis (Hahn, 1945) The change in morphology of cells of P.
aeruginosa following treatment with hyaluronidase is shown in figure 7 . A large number of cells did not retain their "eleetron-dense" mateirial, and a series of lumps appeared in the cvtoplasm. The appeairance of lumps in the cytoplasm of cells has also been observed in othei bacteria following the treatment of the cells with streptomycin (Goldberg and Morgan, 1954) . No attempt is made at the present time to interpiret the significance of these lumps as revealed by electron microscopy.
However, since hyaluronidase did not interfere with the girowth and viability of the organism, possible damage to the cell structure resulting from enzyme action was either negligible or the synthesis of the substrate structure removed by the enzyme was sufficiently rapid to compensate for enzyme action.
